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(57)Abstract 

PROBLEM TO BE SOLVED: To increase a maximum data rate of a 
communication channel by enhancing flexibility of assignment of spread 
sequence much more in a code division multiple access CDMA system. 
SOLUTION: A transmitter 10 of a base station 31 or a mobile station 32 is 
provided with, a spreading unit 1 6, and the spreading unit 1 6 spreads each data 
symbol by spread codes orthogonal to each other, a scrambler 1 7 scrambles 
each data symbol that is spread with a scramble code having the same length as 
that of the spread code, and an amplifier 18 sends the scrambled and spread 
data symbol. In this case, the scrambler 1 7 uses a plurality of different scramble 
codes that are used at the same time in a same link. 
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la^m - K 1 1^ D:^ ^ =^^r ^ X ^ -7 >:/>=^ " K-C 
X ^ 7 >^>^>-t-^ :^ ^ 7 ^-t/A^I^ t . 

r ^ ^ r t ^ il# m r ^ It li 1 X J ± 2 la m o 

^ 1- ^ If ^Jtii 1 7!? ^ 4 (DV ^•f 1 ^iia^^^ jSi^g 
7 > ^ =^ - K ^ ^ V ^ ^5 r % 4# t r ^ ft ^ ^ 5 ta ^ 

[ii^^i 7 ] li^ii 1 6 1 Ilia® 

lffi^«l^i^i>:^7'i^^7)ir/v(CJj:, ^ 7 >- =2 - k 
^li 7 ia@t^»i^ai^i^;^r 

i:iafef:^ix/t^7^-^?^»^^'/v=J:, Jiia$fc^=i- Ki: 
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im^mi 2] iia^-^v-y >'^<omit'^^>'^'^^^<^ 

?^\Ci6\^^X, ^?'^6;^^7 K:6^^V^^tT.. ± 
l!f3Riii 3] i^v^tfi/ h 

7 ^-rZ/i^^i - K^^v^ ^ ^ t ^^-it^^ -reif ^^S 9 7!;^ 
1 2<^v^r^^;^-l ^ia®oei^:;^?£o 

lo 0 0 1 ] 

mm<om'r^^mi^m ^mm}t. Bm^m. mmB 

[0 0 0 2] 

V<I^'^<^W^A ^^^^i'J^Tt^^ (Code Division Mult 
iple Access :^T. CDMAtV^^o ) ;^^^i^ft^ 

K (spreading code) Xlit^^^^^^^" (spreading 

sequence) J: o Tteftf^c -^bT. 

;^ h y--A^;^^7>'://V=3— K (scrambling code) 

^7^^://i-^tiTib^'9. 1;;^ti'|il^tt. iift^ 

[0 0 0 3 ] ii6lt> ^i^5feOi^;||g^->;^5^^tcibnt6 

roiieicit. g^^4 1 ^^Sl)^4 2r^^o^ 
^^/i^y >^ 4 3 co;^f^^i^LTv^^« y^7>'y>'>^43 

S) 5 i'-4 Sn^ s ;^i>7>'^7 4 6i~4 Sn^^^ 
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^ tf X c^rnin ic i^: i: ?t S V ^ ^ ^ IS ^oitm =3 

— K — K (channelizationcode) h\i 

^ ^ ^ " K ^ ^ L V ^ ^ r ^ r 

[0 0 0 4 ] Mj^ii{t>fl(^^7C®^^?-§-{b (multiple a 
ccess coding) (r>^m^m.Wj^Wj^m. (WO 9 6/05 
6 6 8^) (E P- A- 5 6 5 5 0 6-§-) 

Si$^ (orthogonal codewords) KXfi— 
(bi-orthogonal) =1- Kl?- K^ffiV^Ttem^ 

(selected correlation properties) ^^#'t'6X^^ 

^0 2^fet b^^c^JD^M (inodulo-2 sum) r^(^ti^:d^ =2 

Lr:tJD^L. %^fl.^t^%m:^ ir J^'y (Walsh 
transformation) l-^l-ttCJlo-C, fi:^PI(C^±l?'cC 
^jVU^T^^^ hA;il^^#^i^6o (subtractive) 
CDMA^Pg^|if?^ffiV^fc-^/V^mf&->X-r^ (cellul 
ar radio telephone system) "Cfl^ (two 
-tier ciphering system) tCJ: . 54#^^0-fe/PP^ 

ifl-r ^ Ac a6 ^^^iei ^ ^ tc^ ^ ^ =2 - K - 

(pseudorandomly generated code key) ^W^\^h^h 

-^mfi^^^^-M):. (tern) '=i-Y<j>w<^mwt^fz.it 

V\ 
[ 0 0 0 5 ] 

\%\C^h'Xf^^M-:Lh^X"hn s t<0^mt. CDMA 

X ^ n — ffi V C D M A ;^ X c^frAc 
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I 0 0 0 6 1 

;6 ^ r ^ ^ IS ^ ^ ^ ^ ^ ^ :/ / V - K ^ ^ V ^ ^ „ 
[0 0 0 7 ] v^/v^^ft, Ts/:/y 

[0 0 0 8 ] ±il!(^*i:fc=i--Kit. =f-K:y y-lcj;o 

[0 0 0 9 ] ^/c. Jb^&(^X^^ VlZ/l-^^Jl. 

[0 0 10] tfc. ii^cT^x-^^v-zZ/v^^tt. ^^'J^ 

[0 0 1 1 1 :^^0JlC^^iljg^fei^>'XxAri. ±Mb 
[0 0 12] ^fz. r ^^^jgl^iUC/XT^Aril. P^U 

[0013] if%mc%^^^^^m\'t. 

^i^i^i ^ ^ <li ^ -tt ^'ct V ^ X ^ 7 V =2 - Kr X ^ 7 V :/ 

[0 0 14] r(^^i^:^^ferfi. yi^-fA^r^^ 
ic. i^Dy >'^F^rf^P$ic^v^5w^;6^-c^ ^^^^^^ 

40 [0 0 15] t.1t. ^<DB^:^^'Cn. ^^y^y-f/^-f 

[0 0 Te ] ±i!!*fcm^-Kit. ^-Y'y^)-\L^^x 

[0017] ii^. ^*^y^)^^^(T:>mt^^^y 

yv—Viy^r y-f^) > ^ (r>Mt'^ ^ % A^ ^ 

50 coiift^-^>'^-/^'rii. 1 oi:ox:J?7>^:/zi^<^^^ffiv^ 
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[0018] ^ft. m^rf. i^V^t"^?/ h h;6^^3?^^ 
[0 0 19] ^tL. \ry':^^-rl^^^A-<OMcmt^W\~ 
[0 0 2 0] 

[0 0 2 1 ] gj 1 It. -^mwi^mm \^f^^u^miy:^'r 
[0 0 2 2] z(omu^mi/:^y'M±. mwcj^-r^o 

[0 0 2 3 1 J:^4:fi^l^li. i^ft^glOft. ^^ft-§-^ 
^0{f-^Mil^iSr^F=^-^*i 2^. 5f^^ 

2^^^bl^^7='— =3 vt'^ — :^ 3 ;i)>i^'ft^7=' 

[0 0 24] ^ /c. i^ft^g 1 0 Ji. g] 1 ic^t-j: p 
v^ — y -/^l 4 i:. -O-^-y — ^^^^ 

[0 0 2 5] -f >"^5^^y —^^1 4 fi, ^-Y>;^:/V:3^^^r3 
>'>'/1^yWj/e>'^lcJ:or^^PlbT, ^m^l 6 
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^TLT, ^fti^g2 0^Ci^^t^i^^o 

[0 0 2 6 ] SftgS 2 0 ft. 11 tc^r i: P tc. 
^ ^oft Ir ^ ^7 ^ ^- b t" ^ >- ^ 

^A/D^^m^2 2 i:. •^-i?^7^;^^7>'>^/i^*t-^^ 
;^:J^7>':/^ 2 3 "fy^^ y^yf j^^^f^'f^^^'^ 
*i:f:1-6i¥^fcmtl2 4 i^^fc^-h.:^^^--^?' =^r7^^ >- 

[0 0 2 7 1 ^5^5? v=t 2 1 mBmu^^iB 

-So A/D^^^2 2ft. c/l^^-r^ ^tVfcft-^- 
2 3 tc^^^-r^c f^;^^^i^:/^2 3li. 

->^Lr. ^-Y^^^>/l-7^^-i5^2 6 ic#^i&-r6o 

f^F7^=i-^'2 7 f±. EEi^^l^f^-^^^ibTC^'^^FT^— 
J(? i^'^^^LT. D/A^^:|^2 8 t^#^^L. D/A^^^ 

mfg«7ic'^^-r5o LT. i^m^gi o;^^^ 

[0 0 2 8] rr-c. \ ^Rn:^^yi^'fy i 7 
ICio tt ^ :^ ^ So V ^ /t ^rJrm^ t;: :^ ^ ^ V 
OV-^T. in 25rffiV^Te^r^o ro|il2lt. S±fe^3 

1 t^iil^3 2r^<^ii{ty V-:^. 4#t-Sii^3 l;^-ib^ 
11^1^3 2-^c^i5^*^^>'y >'^^^>'-t>/l^3 3 ^li^3 

40 ^-f-^OT^b^o riX^O^'^^^-y ^^^^^>'^v^3 3 
^T5/7"y >'i>^Y>'^>/l-3 4 It. li2lC^-f-<t PtC. 

[0 0 2 9 ] Hi iC^fife^^l 6 ft. ^>J;tftli2lC^ 
^^£^^^^3 5i~3 Sn^^^^^'?^ 

co^S^3 5 1-3 5Nt-ft. i^ii:tcii:3^L?^ixft-as 

5^? ^S^L. FCchannell^CchannelN 
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t^^^^fLm^^)^X\^^. ^LT. ^^^3 51-3 

[0 0 3 0 ] 7 1 7 li. '^■J;tlfg! 2l::^f ct 
^^3 6 i~3 6Ml-^i. l:v^^c^/^^;^^7>':/A'=^- 

K C scramble 1~ C scrambleM=i'^^^ ^XlX\^'^o ^ i^ 
i0;^:^'7>':/>'l^=3— KCscramblel'^CscrambleM*±. ^ 

ii. ii:5S!tif±. $£^=1- KCchannell-^CchannelN^^^ 
t^^bm5^t^^^^o ^S^3 6i-3 6Mlt. 

^^^^3 5i~3 b^t^^<J>^%,^^tz.^-'^\C'^P 7 
l^-fA.^^ KCscramblel^CscrambleM^-^^-^^^^ 

='-KCscramblel'^CscrambleMt t02^?£i: L^t 

[ 0 0 3 1 ] r 2/:/y :/^^^-y>':^^/v3 40^^ 

Cscramblel' C scrambleM* :^%^^X\t. 

y ^'rJ'^^ >':^^/i^3 3 i: f^^<OX ^ 7 — K^Cfc 

Cscramblef C scrambleM' ^ ^ ^) ^ ^ ^ > 

[0 0 3 21, ±3ii?L/cJ: ^^-^^/y V^^YV^^^L 

3 3Xfir s/7°y V^^^>-:t./V3 4lt. ^Ft^-^^ 

^fj:^7.^y:yfjvz2^Y^'%^\^'^XX. y^^y 
ofii^tc^UTli. \^o>y.^y>zfj^^—Y-^m^^^ 
[0 0 3 3 ] ^^^^ife^U^x ^ ^-rZ/v^^fetof^^SB. 4# 40 

nm^. Rn^\tm\^^^i^^y^^y>'^A^<^f^^<^^ 

»t!lf^tC0V^TI±. }L^\.tim^<ikm<i^^ (wo 9 6/ 
0 5 6 6 8#) ^iaig3^'>H4#fF (E P~A- 5 6 5 5 0 6 

[0 0 3 4 1 $i:^=i-Kfi. =i-K7y- 

(code tree) tCioT, ^^^ix^o r<0=i"-K:vy 
— i^S^I^Jt. 1 9 9 7 ¥^0 1 ^or^5^ (Adachi) 1^. 
^^^^^^ 3^^y^ — A3 3. Nol. 2 7^10^2 8M 

(Electric Letters, Januaryl997, Vol.33 No. 1 page2 50 
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8,28) <0 ^DS-CDMA;^^^7:>5^ii)Mjg|c07^l7— K 

y i^^m(D^fi:^^^'^^'t^m.^W^^- Ko:y y - 

^ia^i (Tree-structured generation of orthogonal 
spreading codes with different lengths for forwar 
d link of DS-CDMA mobile radio) J tClB^^ixXV^ 

[0 0 3 5 ] m?^<?^:g^=£r*-r^i:^^m='-Ki±. it 

^$£fc:^5Ci^^:^^iil^7C^^ (direct sequence code 
division multiple access : S^XT ^ DS — CDMAi: 
V^Po ) ^Wi^mc^^i^^fi:^^-^\y-V<oyiry 

y-«ii^c^-oT^^^^^^o -^ix(cj:or. ^y- 

\y-~^<D 2 ^(D^ — Kit, 1 00=2— Kd^fdlOri— Y(0 

[0 0 3 6 ] ti§5t?^^fi^1?f^-Ci^-^:^J:5l-^ rxDy. 
^yl^-fjV^-Y CJ^Jln^-^^i-K) ^y^^^^^iCffi 
\^^h^\t. ^^^-Yh\.xm\''^:ibt-'Xt^^- 

[0 0 3 7 1 *^0jTfi. 2-o\^J.}L<o%^yi^-fjv^ — 
K^iocoy>'i> (-f 1 A^^-if) t-iiJi^ir 

[0 0 3 9 ] • d^>'^< h i^2^<D%^ y VT'/l^^i— Klc 
oi^y^^ (r iy7°y :/^xii^!^^y -box — 

[0 0 4 0 ] yv^ (:=!•— if) ^^"9 2oc^X^ ^ 

/v=i-K (M=2) co;9^^fflv^^ri:icj:o-c. 

-Vh2mz.'r^:ihi)-x^^. 
[0 0 4 1] HI 3 It. mM^'^^yy^y-Mc^^^^^A^ 

(cell) OfiJl^^-rH-CSb^o 1 oO-fe/i-C 1 It. fdl 
tc>6ot^ir/vc 2-0 7l^J:oT^»9 ffl^^xrv^^, ^ 
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[0 0 4 2] Jb^Eb^J: 9tc, ;$:^?^-Cll, ioo:^>> 
7 V://1-=i-K;6n ^3jt$h.5f^-^ V-^RU^i^-t:' 

mmL-tim^mn. ^^^^^x^^^- 

10 0 4 3 ] rr-c. ;^^PJoi^;ffl^iJlcov^T. Iil4$r 

[0 0 4 4 ] V^^cO^mXlt. mft:^J:^-fi)*-2Mb i 

[0 0 4 5 ] LTt^^oT. ;*:^0^-Cfi. =i-Kl'J^O^ 
[0 0 4 6 ] ^'Jtf^gi4tC^t-J: 51^. g±fe^3 1 It. 

2oc^:^i^ ^^'i/A^t — K #1, #2^ 

KtCJ;oT1^/-^^- ht* ^ r i: 3i»^r # ^f— f^x ^.t^ UT 
1f) 3 9;6v.2Mb i t / s 1';^ ^^jjtt" 5 > S 

;^ 7 :/ =^ - K ^ fij ^ T 6 je:^M;6^ ^ o 

[0 0 4 7 ] -eUT, ^lft^3 9 

K# 1 ;!>^ib^7?2 0(^ (SF = 4) iS3^=i-Kt. ;^ ^ ^ 
:/://v=iv_ |.'# 2;!i^ib(^i oc^ (SF=4) iE^=i"K 
2Mb i t/s(^1?-— t'x$:f-/K— M- 
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[0 0 4 8 ] ^5 11. ;^^|^fOtetOf£:^^>J=£:/T^1-^-rfc 

[0 0 4 9 ] rc^ij5ic.T^t-<t mx.\f 

-Swtii^T-t^o WC DMA'>:^xi^tCioV^rf^— 

(processing gain) ^WP^"^. RXJ^/X\t^ y 
(chip rate) . 1" ^^'^S^'^te:;^ L^^ttixJ^ 

70 [ 0 0 5 0 ] ^ r ^t-. :^^m^MM hfcm 5 {CTrz-Ti^^ 
Mmx}±. ^Sf[^ox>>^:/>^/vr3-K^^v^^r.^tcJ; 

[0 0 5 1 ] 

rtt. 1 o<^y i^r^p^icib'v^r 2o£ji_bc7:>x^ ^v://!^ 
=i-K^^v^^r iriCctoT. ^?lJ;t^^cDMA:^^^c^c 

20 ib^ztt'^xt. vy v^xitr^/z/y v^toiift 

[gl®of«?)m^cf^0J] 

im2] ^'^^^y v-^^oiiff^^^/^^A^o^r ^/7"y 
^ ^^iiit^"^ v;t>^i-l-*5tt i> ^ >':/^i-;^)fe 

-Ymmco^^Wim-^TT^-rmx^^, 

[g!5] yi^^A-^-'Y^m(D^<D^^Wi^^\-^7T^'tWi 

yi^-f;\^i3m^mm'r^ft^<o-fny^mx-h^. 

1 1 A/D^^^f^. 1 2 ^^=2— >$/*^ 1 3 ^-vi/ 
^./V:x.l^z2-^\ 14'Y^-^-y-/^ 15 ^H^. 
16 ^W^. 17 Tli^^^:/^. 18 ±i>&l^ 
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